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Carbonaceous chondrites a r e  of p a r t i c u l a r  i n t e r e s t  f o r  two reasons.  

F i r s t ,  they a r e  t h e  only meteorit?s containing appreciable  amounts of aque- 

ous l aye r  l a t t i c e  s i l i c a t e  miner _ .  , f r e e  sulphur,  carbon, and organic 

material. Second, t h e  r e l a t i v e  ,b;;&,nce of elexec-ts i n  Type I carbona- 

ceous c h c a b i t e s  i s  similar t o  t h a t  observed i n  t h e  sun, ind ica t ing  thac 

t h e s e  meteori tes  c lose ly  approach the  pr izmrdial  . -&ter ia l  from which t h e  

s o l a r  syster.  was formed (Urey ~ y , ~ ;  _I n - 7  !%so- 

*This *jaFer has f i r s t  been -5ented 

$ O a , t ,  1961; Ringwood 1961, 1962).  
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'?:Is S X G ~ C  p o i x ,  hovever, has l a t e r  been questioned by Ediiards and Ui-zy 

(1955) arid Urey (1961) mainly on t h e  bas i s  of t h e  sodiim and potassiurn dis- 

crepancies  between carbonaceous and ordinary chondr i tes .  Urey (196i) t h e r e -  

f o r e  po in t s  out t h a t  carbonaceous chondrites may have o r ig ina t ed  through 

t ransformation of' h igh-iron group chondrites by means of "water -containing 

compounds." Du F'resne and Anders (1962) and Anders (l962a,b) suggested t h a t  

<he 1ow-temperature l aye r  l a t t i c e  s i l i c a t e  matr ix  may have o r ig ina t ed  from 

t h e  hi&h-temperature minerals by a l t e r a t i o n  and se rpen t in i za t ion  i n  s i t u .  

i3ilrgwood (1963) assumes t h e  carbonaceous chondri tes  t o  be by chance agglom- 

e r a t e s  of high-temperature mineral  debris from e n s t a t i t e  and ordinary chon- 

d r i t e s  with some p r imi t ive  ma te r i a l  ( f o r  a summary s e e  Mason 1962, 1963). 

-- 

The present  study has been undertaken because it seemed poss ib l e  t h a t  

accu ra t e  &ta on t h e  composition of coexis t ing minerals  i n  carbonaceous 

chondr i tes  could g ive  some c lues  t o  t h e  problems ou t l ined  above. The results 

discussed below a r e  prel iminary and r e s t r i c t e d  t o  the Murray carbonaceous 

chondr i te ,  which f e l l  on September 20, 1950, 9 m i l e s  e a s t  of Murray, near  

Wildcat Creek, Kentucky (Horan 1953). 

types  of carbonaceous chondri tes  a r e  i n  progress .  

However, s i m i l a r  s t ud ie s  of o ther  

The i r o n ,  magnesium, calcium, and n i cke l  conten ts  i n  o l i v i n e ,  pyroxene, 

and t h e  l a y e r  l a t t i c e  s i l i c a t e  ma te r i a l  (Murray F of Du Fresne and Anders 

1962) have been measured and t h e  composition of some minor phases (n i cke l -  

bear ing t r o i l i t e  , pen t l and i t e  , meta l l i c  i ron )  has been determined by means 

of e l e c t r o n  microprobe techniques.  

t h r e e  carboncoated pol i shed  seet ior& ( t o t a l  po l i shed  area approximately 

4.5 ex2)  by use of a rnodified ARL e lec t ron  microprobe X-ray analyzer  (ARL 

' '3'1"s t o  -t:pplied Research Laborator ies ,  Glendale,  Ca l i fo rn ia )  . The 

The measurements were c a r r i e d  out on 
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q u a x t i t s t  ive  coqlos i t ion  of’ t h e  minerals mectioned w a s  determined by usinz 

c a l i 5 r a t i o n  curves and standards as described by Ke i l  and Fredriksson (1-363, 

1964, i n  p r e s s ) .  

S t a t e s  Rat iona l  Museum, Washington, D. C . ,  t h i n  sec t ions  of t h e  M u r r a y  

T;h.ro7ugh t h e  courtesy of Dr. E. P .  Henderson of t h e  United 

meteori te  were made ava i l ab le  f o r  microscopical study. 

The r e s u l t s  of t h e  study may be summarized as follows: 

1. The composition of 63 d i f f e ren t  o l i v i n e  gra ins  and 16 d i f f e r e n t  

Fyroxene g ra ins  has been measured by moving t h e  samples i n  s t e p s  of 4 microns 

m d e r  t h e  f i x e d  e l ec t ron  beam, thus  covering t h e  gra ins  with rows of analyses .  

Since t h e  g ra ins  were randomly se lec ted ,  it i s  apparent t h a t  t h e  chondri te  

contains  roughly four  t i m e s  more o l iv ine  than  it does pyroxene. Zonal s t r u c -  

&I3 45ilct;(ars;3aa*Cse 
A 

t a r e  was r a r e l y  observed. However, both o l iv ines  and pyroxenes have widely 

varying composition. This  i s  i n  agreement with t h e  r e s u l t s  of De Fresne and 

Anders (1962) and of Ringwood (1961) on some other  carbonaceous chondri tes .  

Fe r a t i o s  i n  o l i v i n e  vary from 0.3 t o  91.2 mol percent  and i n  pyrox- The Fe + Yg 
ene from 0.4 t o  45.4 m o l  percent (Tables I ,  11). 

Fe 
Fe + Yg 
frequency d i s t r i b u t i o n  diagrams. I n  the  diagrams t h i s  unique v a r i a b i l i t y  i s  

compared t o  t h e  c o q o s i t i o n a l  ranges of o l i v i n e s  and pyroxenes i n  LL-, L-, 

and H-  group chondri tes  (Kei l  and Fredriksson 1964, i n  p r e s s ) .  

and prroxene show very s t rong maxima at low values  (0 t o  2 mol pe rcen t ) .  

Ol ivines  a l s o  show a tendency of higher f requencies  i n  t h e  ranges observed i n  

H - ,  L- ,  and LL- group chondrites (16 t o  29 mol pe rcen t ) (Ke i l  and Fredriksson 

IC/;&, i n  p r e s s ) .  

I n  Figs .  1 and 2 ,  t h e  

r a t i o s  f o r  o l i v i n e  and pyroxene, respec t ive ly ,  have been p l o t t e d  i n  

Both o l i v i n e  

Fe 
F e + M g ,  

2. Small  d rop le t s  (up t o  20 microns) of meta l l ic  i ron  with varying n i cke l  

Fe r a t i o s .  Fe + Mg --zits  7im-e found as inc lus ions  i n  o l iv ine  gra ins  with low 



i7 0' 

i?c + I,? an example. The large h o s t  o l i v i n e  ci-;.c-lai has 2 L' - j ~ _  .CL i; j S5.ves 

~ ' ~ Z L O  of 0.9 rnol percent and t h e  composition of t h e  r x t a l  i s  -335 Fe ar?u 

-7s Mi. Other n e t a l  spherules ( e . g . ,  Figs.  4, 5) range i n  composition -trorn 

5% t o  95 X i .  The n icke l  content of t h e  o l i v i n e  i t s e l f  i s  l e s s  than 50 ppc. 

i: ...l.. ~ 

.- 

, .  

3 .  The matrix of t h e  Murray carbonaceous chondrite,  which roughly 

amounts t o  70% of the  t o t a l  meteori te ,  i s  composed mainly of layer  l a t t i c e  

s i l i c a t e s .  

moving t h e  s w l e  b / m i n  under t h e  e lec t ron  beam and i n t e g r a t i n g  t h e  X-ray 

i n t e n s i t i e s  every 20 seconds over areas  where t h e  main cons t i tuents  ( S i ,  Vg, 

Fe) v a r i e d  l e s s  than +lo$. The matrix thus  contains:  13 t o  14% S i ;  -22$Fe; 

9 t o  10% Mg; -0.5% C a ;  0 .5  t o  1% Al; -1 t o  4% N i ;  and -1 t o  4% S. The n i c k e l  

sometimes appears homogeneously d i s t r i b u t e d  throughout t h e  matrix (F ig .  6) ; 

however, f requent ly  N i  and S show a strong p o s i t i v e  c o r r e l a t i o n  (F ig .  7 ) .  

This i nd ica t e s  t h a t  t h e s e  elements i n  p a r t  a r e  present i n  a separa te  mineral 

phase. 

i n  many o the r s ,  however, t h e  sulfur content i s  too  low f o r  pent landi te .  It 

t h e r e f o r e  seems l i k e l y  t h a t  t h i s  phase i s  a s u l f a t e  r a the r  than a s u l f i d e ,  

impregnating t h e  l aye r  l a t t i c e  s i l i c a t e .  This point  of view i s  being supported 

3y t h e  f a c t  t h a t  some of t h e  su l fu r  can be leached out with d i s t i l l e d  co ld  

v a t e r  . Fa the rmore ,  t h e  matrix contains f ine-grained inclusions of oxides 

ezd s;;lf'ides of i ron  ( a l s o  observed by J. F. Kerridge, personal  communication) 

>=;-a tnan 1 micron i n  diameter. While analyzing t h e  matrix,  t h e  e l e c t r o n  beam 

The conposit ion of t h e  m t r i x  w a s  ascer ta ined  by continously 

I n  some cases t h i s  phase i s  c l ea r ly  f ine-grajned p e n t l a n d i t e  (Fig.  8);  

~ - ,- 

vr A.Lab.' .. - occasional ly  have overlapped such gra ins ,  causing an increase i n  t h e  i ron  

-0 - d?.:a.~gs. However, because of t h e  r a the r  constant i ron  values measured i n  t h e  - .  

Yi and S poor areas of t he  l aye r  l a t t i c e  s i l i c a t e  material, a l a r g e  contr ibu-  

t l o n  from t h e s e  inclusions seems unl ikely.  

-4- 



4. Sm11 grail?s (129 t o  -1OOp i n  dia,meter) of pent landi te  and t r o i l i t e  

v i t h  varying n i c k e l  contents  were frequently found s c a t t e r e d  throughout t h c  

sec t ions .  The composition o f  some 35 grains  has been measured and was found 

to vary between 0.9  and 21.5 weight percent N i .  

kiSher n i c k e l  content i s  indeed pen t l and i t e  and not a mixture of t r o i l i t e  

and m e t a l l i c  n icke l - - i ron  i s  demonstrated by e l e c t r o n  beam scanning p i c t u r e s  

i n  Fig.  9. 

That t h e  mineral  with t h e  

From t h e  r e s u l t s  presented above, c e r t a i n  conclusions t o  t h e  o r i g i n  of 

t h e  :\lurray csrbonaceous chondri te  and i t s  components m y  be drawn. The w i d e  

range i n  composition of o l i v i n e s  and pyroxenes i n  Nurray and t h e  narrow 

range i n  H-group chon6ri tes  (Figs. 1, 2) show t h a t  H-group type chondrites 

alo-e could not h v e  been t h e  9a ren t  rocks for Yxrray as was suggested by 

Urey (1961). The v a r i a b i l i t y  i n  cornposition of o l i v i n e s  and p:rroxenes (F igs  1, 

2) a l s o  i n d i c a t e s  t h a t  t h e s e  minerals couid not have been formed i n  a one- 

event process from one source,  but must have o r ig ina t ed  i n  d i f f e r e n t  environ- 

ments and from va r ious  sources.  

t oge the r  mechanically. 

Ringiiood (i963) who assumes t h e  carbonaceous chondri tes  t o  be chance agglom- 

After formation they were apparently mixed 

Similar  conclusions have r e c e n t l y  been derived by 

eretes Of some Crimitive l a y e r  l a t t i c e  s i l i c a t  e s with deb r i s  from ens t  a t  it e 

xi5 ordinary chondri tes .  However, t he  r e s u l t s  of t h e  present  study show t h a t  

t h i s  r a t h e r  complex model i s  s t i l l  t o o  s impl i f i ed ,  s ince  one cannot account 

for t h e  r a l o r i t y  of o l i v i n e s  and pyroxenes observed i n  Murray by assuming 

e n s t a t i t e  and ordinary chondri tes  t o  be t l ie  only DuLCLLes ^h- ’Mn (CP.  ~ i f ; s .  1, 2 ) .  

E n s t a t i t e  chondri tes  contain almost exclusively pyroxene with l e s s  t han  0.3 

Fercent d iva l en t  i r o n ,  while ordinary chondri tes  contain o l i v i n e s  and pyro::- 

enes with Fe 
Fe t Mg r a t i o s  varying i n  narrow ranges as ind ica t ed  i n  Figs. 1 and 2. 

-5- 



It i s  r ea5 i ly  scen t h a t  it i s  d i f f i c u l t  t o  account for The o l i v i n e  with 

r a t i o s  up t o  some 15 and above 30 mol percent ,  as well as lor pyrox- Fe 
Fe + Yg 

e?le of 0.5 t o  1 2  and above 27 mol percent ,  which make LIP t h e  majori ty  of 

high-temperature s i l i c a t e s  observed i n  Nurray. S i l i c a t e s  with similar i r o n  

contents  have only very r a r e l y  been observed i n  noncarbonaceous chondr i tes ,  

f o r  example, i n  t h e  achondri te  Kapoeta (Fredirksson and K e i l  1963) and i n  

polymineralic inc lus ions  i n  t h e  Oiiessa i r o n  meteori te  (Marshall and K e i l  190'4, 

i n  preparat ion)  . 
I n  add i t ion  t h e r e  i s  an apparent difference i n  t h e  calcium contents  of 

o l iv ines  and pyroxenes i n  ordinary chondrites i n  comparison t o  t h e  ones 

observed i n  t h e  Murray carbonaceous chondrite.  The c a i c i m  content i n  o l i -  

v ines  of both L -  and H-  group chondrites i s  below 0.05$ ( K e i l  and Fredriksson 

196b-, i n  p r e s s ) ,  while t h e  Murray o l iv ines  on t h e  average contain about 0.2%. 

The L-  and H -  group pyroxenes, on t h e  other hand, contain on t h e  average 

0.47% C a ,  while t h e  Murray pyroxenes contain about 0.7% with ind iv idua l  c rys-  

t a l s  f requent ly  shoving more than  1.0%. 

understand t h e  o l iv ines  and pyroxenes i n  t h e  Murray carbonaceous chondri te  t o  

be debr i s  f ron comion chondri tes .  

This  again makes it d i f f i c u l t  t o  

The propos i t ion  t h a t  t h e  Murray carbonaceous chondri te  i s  a nechanicai 

mixture of minerals from various sources i s  fu r the r  ind ica ted  by t h e  drople t s  

of m e t a l l i c  i r o n  included i n  some FeO-poor o l iv ines  (F igs .  3, 4, 5). 

g i n  ~f t h e s e  inclusions may be ascr ibed  t o  reduct ion  of d iva len t  n i c k e l  and 

i ron  of t h e  o l i v i n e  t o  c c t a l  by heat ing The o i iv ine  above t h e  melting poin t  

of i r o n  m d e r  s l i g h t l y  reducing conditions as has been shown experimentally 

by A .  Henriques (personal  conmxlcat ion)  and K. Fredriksson (unpublished).  

The o r i -  

/ 
-0 - 
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::.lnerals, s i x e  t h e  Xurray carbonaceous chondri te  as a whole ~ Z L C ,  apparc'r t ly 

!:ot been heated above 250°C for a reasonable l eng th  of t i m e  (DJ. Pzczne and 

Anders 1362). 

!;catinG and refiGction had t o  occw before  agglomeration of' thc v s r i o l s  

. ._ 

The quest ion of t h e  o r i g i n  of t h e  l a y e r  l a t t i c e  s i l i ca t e  xatrij. i. i s  of 

iniportance t o  any hypothesis on t h e  o r ig in  of t h e  carbonaceous choniki tes .  

The high i r o n  and n i c k e l  contents of the  matrix and t h e  low iron and n i c k e l  

conterits of most . o l iv ines  ind ica t e  t h a t  t h e  m i n  mass of t h e  matr ix  m a t e r i a l  

d id  not o r i g i n a t e  through a l t e r a t i o n  ( se rpen t in i za t ion )  of t h e  h i g h - t e q e r a t u r e  

:.;inerals i n  s i t u .  These r e s u l t s  contradict  t h e  conclusions drawn by Du Presne 

and Anders (1962) , but general ly  seen t o  support Ringwood's (1963) and 

Fredriksson'  s (1963) conclusions. 

-- 

-. 'xne rzs;;lts of  t h e  study may b e  s m m r i z e d  as follows: The Murray 

carbonaceous chondri te  i s  a mec'nafiical x i x t u r e  of minerals formed under d i f -  

f e r e n t  condi t ions a t  difTerent l o c a l i t i e s .  Most of t h e  o l i v i n e s  and pyroxenes 

observed cannot r ep resen t  debr i s  of common chondri te  types as suggested by 

Ringwood (1963) beca.Lise t h e i r  coxpositions d i f f e r  markedly (F igs .  1, 2 ) .  

main mass of t h e  l a y e r  l a t t i c e  s i l i c a t e  matr ix  apparently i s  not a n  -- i n  s i tu  

a l t e r a t i o n  product of t h e  a s soc ia t ed  o l iv ines  and pyroxenes. 

The 
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TABLE I. - C A B ~ O ~ C E O U S  C : Z O ; ~ I T E  ~ v i i i m ~ .  COWOS~TIOX o? 63 

m D i V i D U A L  OLIVINE CRYSTALS FROM 3 POLISHED SECTIOTiS . 

Crys ta l  
no. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

- 14  . 

15 

16 

1-7 

18 

19 

20 

21 

Weight >er c ent - 
Fe 

0.2 

- 3  

- 3  

.3 

* 3  

- 3  

.4 

- 4  

.4 

.4 

.4 

.5 

- 5  

- 5  

.6 

.6 

-7 

-7 

*7 

-7 

-7 

- 

- 

1% 

34.1 

33 -7 

33 -7 

33 -8 

33 -8 

33.8 

33 -1 

33 -6 

33 -7 

33.8 

34.0 

33.5 

33 -5 

33.5 

32.8 

33.8 

32.7 

33.1- 

33.5 

33-5 

33.8 

Ca 

0.41 

’ .40 

- 32 

.51 

.42 

.49 

a32 

n.d. 

15 

32 

.18 

n.d. 

-15 

-17 

-33 

n.d. 

n.d. 

.22 

<. 1 

-1.9 

.14 

Mol percent 

Fe 
Fe + Ng 

0.3 

.4 

.4 

.4 4 

.4 

.4 

- 5  

- 5  

- 5  

- 5  

-5 

.6 

.6 

.6 

.8 

.8 

-9 

-9 

-9  

- 9  

*9 

-10 - 



:.YLz I. - cnri--n DuMCEOVS CHGND3ITE i.limRriY . COlIPOSITION OF 63 IXDI'JIFJAL 

OLIVINE CRYSTA-LS FROM 3 POLISHED SECTIONS - Continued 

k y s t a l  
no. 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

Weight per  celzt 

Fe 

0.8 

.8 

*9 

-9 

1.0 

1.1 

1.1 

1 .3  

1.5 

2.2 

2.2 

2.2 

2 * 9  

~ 3.3 

5.2 

7.1 

7.6 

8.3 

10.0 -11.6 

15.3 

15.3 

M g  

32.7 

34.0 

33.4 

33.4 

32.9 

33.7 

33 -7 

31.3 

32.5 

31.9 

32.3 

33.0 

31.4 

31.6 

31.4 

30.2 

27.9 

28.9 

28.0 -27.3 

25.5 

25.6 

-11 - 

C a  

0.16 

n.d. 

* 13 

.18 

.14 

n.d.  

n.d. 

.21 

- 19 
.10 

.16 

<. i 

.10 

.11 

n.6. 

n.d. 

.17 

.46 

.10 

* 17 

.10 

101 percent 
Fe 

Fe + Mg 

1.1 

1.0 

1.2 

1.2 

1.3 

1.4 

1.4 

1.8 

2.0 

2.9 

2.9 

2.8 

3.9 

4.4 

6.7 

9.3 

10.6 

11.1 

13.5-15.6 

20.7 

20.6 



n 7-7 d b L &  I. - CLIBOYACEOUS CHONDRITE :RX?3h. COTVPOSITION OF 63 IKDIVZE’JAL 

OLIVIXE CRYSTALS FROM 3 P3LISHED SECTIONS - Concluded 

Crys t a l  
no. 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

Weight p r c e n t  

Fe 

15.3 

15.5 

-- 

15.8 

16.5 

16.6 

17.7 

18.5 

18.6 

19.8 

19.8 

19.9 

20.1 

22.1 

23.6 

24.0 

27.4 

30.6 

35.8 

45.4 

49.8 

52.6 

25.9 

25.5 

25.6 

24.9 

24.3 

24.2 

23.4 

23.6 

22.8 

22.9 

22.7 

22.9 

21.4 

19.7 

20.2 

18.4 

15.4 

11.9 

3.7 

2.6 

2.2 

Ca 

0.12 

.12 

<. 1 

.12 

* 1.7 

<. 1 

.21 

.21 

<. 1 

.11 

.12 

.21 

.16 

*31 

-31. 

<. 1 

.18 

.1g 

.20 

.12 

.18 

Mol percent 

Fe 
Fe + Mg 

20.5 

20.9 

21.2 

22.4 

22.9 

24.2 

25.6 

25.5 

27.4 

27.4 

27.7 

27.6 

31.0 

34.r 

34.1 

39.3 

46.4 

56.7 

84.2 

89.3 

91.2 

-12 - 



Grain 
?lo. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

3.Je ig h t  p er cent 

Fe 

0.2 

-5 

-5 

-7 

-7 

- 9  

1.2 

1.6 

2- 5 

3 - 3  

5.3 

10.4 

14.2 

15.7 

17.4 

25.4 

Y% 

23.5 

23.2 

23.4 

22.2 

23.6 

23.9 

22.3 

22.1 

21.6 

21.4 

20.4 

18.4 

15-5 

14.6 

13.1 

13.3 

C a  

9-32 

.31 

.26 

1.4 

1.1 

.74 

1.1 

1.1 

1.2 

.73 

.61 

<. 1 

* 15 

.24 

.46 

76 

Mol percent 

Fe 
Fe -+ Ng 
0.4 

- 9  

- 9  

1.4 

1.3 

1.6 

2-3 

3 -1 

4.8 

6.3 

10.2 

19.7 

28.5 

31.9 

36.6 

45.4 

-13 - 



FIGUiiE CPL’TIONS 

Fe 
Fe -t IJz Fig. 1. - Frequency d i s t r i ’ w t i o n  of t h e  mol-percent r a t i o s  

i n  63 Lndividual o i i v i n e  c r y s t a l s .  Tart B gives t h e  values  between 0 t o  

8 xo1 percent on a l a rge r  s ca l e .  

Fe 
Fe + Xg Fig.  2 .  - FreqLiency d i s t r i b u t i o n  of t h e  mol-percent r a t i o s  

i n  16 ind iv idua l  pjrroxene c r y s t a l s .  
I 
I Fig.  3. - Evhedral o l iv ine  c r y s t a l  containing droplet  of m e t a l l i c  

n icke l - i ron  (high r e f l e c t i n g ) .  Xatrix i s  layer  l a t t i c e  s i l i c a t e .  Dark 

s t r i p e s  on o l iv ine  a r e  remainders from carbon coat ing.  Reflected l i g h t .  

F ig .  4.- Olivine chondrule (round) and o l iv ine  g r a i n  containing drople t s  
, 

of n icke l - i ron  (high r e f l e c t i n g )  . 
Reflected l i g h t .  

Yf t r ix  i s  l ayer  l a t t i c e  s i l i c a t e  mater ia l .  

I Fig.  5 . -  Olivine chondrule (round) and o l iv ine  g r a i n  containing drople t s  

of n icke l - i ron  (black) c l e a r l y  in s ide  the  o l iv ine .  Matrix i s  l aye r  l a t t i c e  

I s i l i c a t e  mater ia l .  Same a r e a  as i n  Fig. 4, but po la r i zed  r e f l e c t e d  l i g h t .  

Fig.  6 .  - P i c t u r e s  obtained with a scanning e lec t ron  beam. Association , 

I of o l i v i n e  with low- ( r i g h t  s ide )  and high- ( l e f t  s ide)  i r o n  contents i n  a 

l a y e r  l a t t i c e  s i l i c a t e  r a t r i x  ( cen te r )  . BSE = backscat tered e l e c t r o n  image; 

Fe, N i ,  Pig, S i  = p i c t u e s  giving t h e  d i s t r i b u t i o n  of t h e s e  elements i n  t h e  

scanned zrea .  The F‘e image i l l u s t r a t e s  t he  high-iron content i n  t h e  matrix 

and t h e  d i f f e r e n t  i ron  contents  i n  t h e  two o l iv ines .  The n i c k e l  seems homo- 

genously distrib.&ed throughout t h i s  par t  of t he  matrix ( N i  image). The Yi 

i w g e  i l l u s t r a t e s  t h e  high magnes.ii.x coritent i n  t h e  iron-poor o l iv ine .  

Fig.  7 . -  P o s i t i v e  c o r r e l a t i o n  between N i ,  S ,  and t o  a l e s s  ex ten t ,  Fe, 

i n  t h e  matrix mater ia l  of thee Nurray carbonaceous chondri te .  The sample w a s  

moved @/min, while t h e  counts were in tegra ted  every 20 seconds. 

-14 - 



t 

X g .  3 . -  ? ic tu re s  obtained v i t h  a scanning e l ec t ron  beam. Associat ion 

oi? o l i v i n e s ,  l ayer  l a t t i c e  s i l i c a t e  m t r i x ,  and f ine-gra ined  pen t l and i t e  i n  

t h e  m t r i x .  

sho?ring t h e  d i s t r i b u t i o n  of t hese  elenents i n  t h e  scanned area. 

l a n d i t e  shows up i n  t h e  BSE as wel i  as i n  t h e  Fe, N i ,  and S images. 

of t h e  l a y e r  l a t t i c e  s i l i c a t e s  show high ?Xi values with only moderate S values .  

BSE = backscaztered e lec t ron  image; m, S i ,  Fe, N i ,  S = p ic tu res  

The pent-  

P a r t s  

Fig.  9. - Pic tu res  obtained w i t h  a’ scanning e l ec t ron  beam. Associat ion 

BSE = backscat tered of pen t l and i t e  embedded i n  l aye r  l a t t i c e  s i l i c a t e  matrix. 

e l ec t ron  image; Fe, S ,  N i  = p ic tu res  showing t h e  d i s t r i b u t i o n  of t hese  e l e -  

merits i n  t n e  scanned a rea .  

nunber appears b r igh t .  

pen t l and i t e  and surrounding s i l i c a t e  matrix. 

t h e  homogeneous d i s t r i b u t i o n  of t hese  elements i n  t h e  pen t l and i t e .  

I n  t h e  BSE t h e  pent landi te  with high-average atomic 

The F e G  image shows similar amounts of Fe i n  both 

The & p i c t u r e s  of S and N i  show 

-15 - 
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